The genetic control of resistance to cucumber green mottle mosaic virus SH isolate (CGMMV-SH) in melon (Cucumis melo L.) 'Chang Bougi' was studied in progeny from crosses between 'Chang Bougi' and the susceptible cultivar 'Perlita.' F 1 , F 2 , and BC 1 plants were mechanically inoculated with purified CGMMV-SH under controlled (30°C) and greenhouse (average temperature of 24.9°C) conditions. All F 1 plants were susceptible to CGMMV-SH. The segregation ratios in F 2 and backcross progeny indicated that resistance to CGMMV-SH in 'Chang Bougi' is dependent on two independent complementary recessive genes, which we propose to call cucumber green mottle mosaic virus resistance-1 (cgmmv-1) and cucumber green mottle mosaic virus resistance-2 (cgmmv-2).
Introduction
Cucumber green mottle mosaic virus (CGMMV) is a serious disease affecting melon and watermelon in Japan (Furuki and Komuro, 1973; Komuro et al., 1971) . CGMMV is easily transmitted through foliage contact, soil contamination and seeds. CGMMV causes mosaicism in leaves and deterioration of fruits, leading to severe yield losses and economic damage; however, no commercial melon (Cucumis melo L.) cultivars resistant to CGMMV are available.
CGMMV-resistant melon plants of the non-desserttype accessions 'Phoot' and 'Kachri' have been reported (Rajamony et al., 1990) , and the resistance of these accessions to CGMMV was found to be governed by recessive polygenes; however, plants of these accessions exhibited very mild symptoms in the early stages following inoculation of CGMMV (symptomless carrier type). Previously, we found that 'Chang Bougi' (Makuwa Group) showed delayed symptom expression in the upper leaves after mechanical inoculation with an SH isolate (CGMMV-SH) under greenhouse conditions (Sugiyama et al., 2006) . In this accession, virus movement was restricted, and resistance to CGMMV was specific to the SH isolate. 'Chang Bougi' is considered a new important source of resistance to CGMMV. Thus, our objective was to define the inheritance of CGMMV-SH resistance in 'Chang Bougi' using progeny from crosses between 'Chang Bougi' and 'Perlita,' a CGMMV-SH-susceptible cultivar.
Materials and Methods
Plants and virus source F 1 , F 2 , and backcross populations derived from Cucumis melo L. 'Chang Bougi' and 'Perlita,' which is susceptible to CGMMV, were used. We used purified inocula of CGMMV-SH, which was originally isolated in Shizuoka from the melon cultivar 'Earl's Favourite' (Furuki and Komuro, 1973) .
Inoculation with CGMMV-SH
Melon seeds were sown in soil in 6 cm diameter plastic pots and grown in a greenhouse. When the cotyledons were fully expanded (approximately 8 to 10 days after sowing), mechanical inoculation with CGMMV-SH was performed by rubbing carborundum-dusted cotyledons with cotton pieces soaked in inoculum (final concentration 0.5 g·L −1 in 0.1 M Na 2 HPO 4 , pH 7.0).
Virus detection
CGMMV was detected using the DAS-ELISA technique (Clark and Adams, 1977) and commercial polyclonal CGMMV antiserum (Japan Plant Protection Association, Japan). Microplates were coated with 150 µL of anti-CGMMV IgG (1.0 mL·L −1 in a carbonate buffer, pH 9.6) for 3 h at 37°C. After washing with phosphate-buffered saline (PBS, pH 7.2) containing 317 0.05% Tween-20 (PBS-T), 150 µL of antigen was added to the wells, and the plates were incubated overnight at 4°C. Antibody conjugate diluted 1 : 500 in PBS-T was then added to the wells and incubated for 3 h at 37°C. Enzyme reactions were developed for 1 h after the addition of 150 µL of p-nitrophenyl phosphate disodium (Wako Pure Chemical Industries, Japan) at 1.0 g·L −1 in 10% diethanolamine, pH 9.8, at which point absorbance at 405 nm was measured using a Sjeia Auto Reader spectrophotometer (Sanko Jyunyaku, Japan). Samples were considered positive when the absorbance exceeded twice that observed in healthy plants used as negative controls.
Genetic analysis under controlled conditions (30°C)
Following inoculation, the plants were grown in a growth chamber (LH-300; Nippon Medical & Chemical Instruments, Japan) at 30°C under a 16-h light/8-h dark photoperiod. At 14 days after inoculation, the upper leaves were examined for symptoms and sampled for virus detection. Plants were scored as resistant (R) if no symptoms were observed and no virus was detected from the upper leaves after inoculation with CGMMV-SH; plants that showed symptoms or in which the virus was detected from the upper leaves were scored as susceptible (S).
Genetic analysis under greenhouse conditions
Melon seeds were sown on May 23, 2006 and mechanical inoculation with CGMMV-SH was performed on May 31. Following inoculation, the plants were grown in a greenhouse. At 25 days after inoculation, the upper leaves were examined for symptoms. Plants were scored as resistant (R) if no symptoms were observed in the upper leaves after inoculation with CGMMV-SH; plants that showed symptoms were scored as susceptible (S). The greenhouse temperature ranged from 14.5 to 42.3°C, and the average temperature was 24.9°C.
Results and Discussion
No 'Chang Bougi' plants showed mosaic symptoms or evidence of CGMMV in the upper leaves after inoculation with CGMMV-SH under controlled conditions at 30°C, and no 'Chang Bougi' plants showed mosaic symptoms in the upper leaves under greenhouse conditions (Table 1) ; however, all 'Perlita' and F 1 ('Chang Bougi' × 'Perlita' and 'Perlita' × 'Chang Bougi') plants developed mosaics in the upper leaves after inoculation with CGMMV-SH; therefore, the resistance characteristics seem recessive. When F 2 plants were inoculated with CGMMV-SH, plants segregated into 6 R and 115 S plants under controlled conditions, and 10 R and 110 S plants under greenhouse conditions. These data suggest that the characteristics are controlled by two recessive genes in agreement with the expected 1 : 15 (R : S) segregation (χ 2 = 0.34 at 30°C, χ 2 = 0.89 under greenhouse conditions). All BC 1 (('Chang Bougi' × 'Perlita') × 'Perlita') plants developed mosaics in the upper leaves; whereas BC 1 (('Chang Bougi' × 'Perlita') × 'Chang Bougi') plants segregated into 36 R and 90 S plants at 30°C, and 24 R and 96 S plants under greenhouse conditions. These data suggest that the characteristics are controlled by two recessive genes in agreement with the expected 1 : 3 (R : S) segregation Table 1 . Response of 'Chang Bougi', 'Perlita' and progeny derived from their cross, to inoculation with CGMMV-SH. Expected ratios and χ 2 values based on two independent recessive genes. 
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(χ 2 = 0.86 at 30°C, χ 2 = 1.6 under greenhouse conditions). We propose the names cucumber green mottle mosaic virus resistance-1 and cucumber green mottle mosaic virus resistance-2 (symbols: cgmmv-1 and cgmmv-2) for two genes in accordance with the gene list for Cucumis melo L. and nomenclature for Cucurbitaceae (Pitrat, 2002) .
Evaluation of the progeny obtained by crossing 'Chang Bougi' × 'Perlita' supported the hypothesis that resistance to CGMMV-SH in 'Chang Bougi' appears to be controlled by two independent complementary recessive genes (Table 1 ). In contrast, the symptomless carrier-type accessions 'Phoot' and 'Kachri' have been reported resistant to CGMMV, and their resistance was found to be governed by recessive polygenes (Rajamony et al., 1990) . 'Chang Bougi' showed delayed symptom expression in the upper leaves after inoculation with CGMMV-SH, and resistance to CGMMV-SH appears to be controlled by two recessive genes; therefore, we consider the resistance to CGMMV in 'Chang Bougi' to be different from that of 'Phoot' and 'Kachri.' In melons, resistance controlled by a single gene has been reported for melon necrotic spot virus (MNSV) by the nsv gene (Coudriet et al., 1981) , for papaya ringspot virus by the Prv gene (Webb, 1979) , for watermelon mosaic virus 2 by the Wmr gene (Gilbert et al., 1994) , and for zucchini yellow mosaic virus by the Zym gene (Pitrat and Lecoq, 1984) ; however, resistance controlled by two complementary recessive genes has only been reported for cucurbit aphid borne yellows luteovirus in the Indian line PI 124112 (Dogimont et al., 1997) . This is the second report of digenic recessive control of resistance to virus in melons. In other crops, resistance that appears to involve the restriction of virus movement and is controlled by two complementary recessive genes has been reported for groundnut rosette virus in groundnut (Arachis hypogea L.) (Nigam and Bock, 1990) and for cowpea chlorotic mottle virus in soybean (Glycine max L.) accession PI 346304 (Goodrick et al., 1991) . We consider that two recessive genes are involved in the restriction of virus movement in 'Chang Bougi' plants.
In melons, there is no resource that completely prevents infection by CGMMV, such as hypersensitive response or immunity; however, we showed that resistance to CGMMV-SH in 'Chang Bougi' is genetically inherited, suggesting that 'Chang Bougi' could be used as a donor of CGMMV-SH resistance genes in a breeding program.
